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Today’s Speaker

m Pete Zarrelli
Senior Field Engineer VeEX Inc.

m (215) 514-1083

m pete@veexinc.com
= 14 Years PBX/Business Services Tech/Manager

= 5 Years HFC Telephony Testing Manager (Voice/HSD/911)

= 2 Years Special Services DataCommTech

= 6 Years Telecom/MSO Sales
= 4 Years Telecom/MSO/ISP/WSP/NEM Field Engineering
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Senior just means I am old….
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Technical Session Overview

v DOCSIS 3.0 Review

v DOCSIS 3.1 Introduction
v DOCSIS 3.1 Basics

v Using the Tools

v Digging In
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DOCSIS 3.0

Where are we today?

m8x4 Bonding 300MB

m16x4 Bonding 600MB

m24x4 Bonding 900MB**

m32x8 Bonding 1GB**
All fine but and

pushing for more!
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Customers demanding more speed mainly. because of marketing. Yes bandwidth is desired for gaming but also low latency. Competitors push to get ahead in race and gain more subs.
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m Goals
m Achieve 10+ Gbps in the DS
m Achive 1+ Gbps in the US
m Backward compatibility with D3.0/D2.0/D1.1
m Better Spectral Efficiency

m Technology (New Acronyms)

= OFDM, OFDMA, LDPC (Low Density Parity
Check)

m New DS and US Spectrum
m Re-use of the D3.0 MAC Concepts

m D3.1 offers Throughput and Services
equivalent to FTTH but much more cost-
effectively

CONFIDENTIAL 3.1 | Bootcamp 7
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Capacity

Current Stage 1 Stage 2 Stage 3
1G) (1.3G) (1.8G)

Spectrum 54 to 1002 MHz 108 to 1002 MHz 258 to 1274 MHz 500 to 1794 MHz
With Amp Upgrade  With Tap Upgrade
Modulation QAM-256 QAM-256 QAM-1024 and QAM-1024 and
higher higher
Downstream ., e 8 24/32 158 200
Throughput 300 Mbps 1 Gbps 7 Gbps 10+ Gbps
Spectrum 5to0 42/ 65 MHz 5to 85 MHz 5to 204 MHz 5 to 400 MHz
Modulation QAM-64 QAM-64 QAM-256 and QAM-1024 and
higher higher
Upstream J J
Channels 4 12 32 60
Throughput 100 Mbps 650 Mbps 1.5 Gbps 2+ Gbps
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m Traffic growth is driven by demand and competition
(FiOS, U-Verse, G.Fast, other FTTH)

m The DOCSIS 3.1 spec will greatly increase the
bandwidth performance of the HFC plant using OFDM
PHY & LDPC FEC

m 10+ Gbps Downstream & 1+ Gbps Upstream will permit
DOCSIS to satisfy subscriber BW needs well in to the
future (Is it all hype)?

m Additional Business Services (EoD, EPL)

m DOCSIS scales very well.
m Efficient spectrum utilization
= Node splits
= Adding BW (DS & US)
m Mid-split/High-Split architecture

m DOCSIS Enhancements (higher modulations, new
PHY/FEC, etc.)
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Presentation Notes
OFDM – Orthogonal frequency-division multiplexing
PHY – physical layer of the OSI model
LDPC – Low-Density Parity Check
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m Elimination/ Reduction of RF guard band

AARAAAAAL -

m Greater capacity achieved primarily through LDPC (HOM in
clean channel) and OFDM (elimination of guard bands and HOM
in impaired channels)

m Close to 2X improvements over DOCSIS 3.0
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LDPC – Low Density Parity Check
HOM – Higher Orders of Modulation
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m DOCSIS 3.1 delivers more throughput in existing spectrum
m 750MHz, 860MHz and higher plant

m Capitalizes on the new LDPC FEC & OFDM PHY technologies

m Permits higher modulation orders (QAM 1024, 4096 & etc.)

m Eliminates 6MHz & 8MHz channelization (N.A & Europe can unify)
m Upstream operation up to at least 200MHz
m Downstream operation to at least 1.2GHz

= Will use bit-loading to adjust to the HFC plant

11
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Presentation Notes
Bit loading is a technique used in multicarrier communication system (eg. OFDM) to assign bits efficiently based subchannel quality, which means, it allows more bit to be transmitted within higher quality subchannels and less bits within lower quality subchannnels. Bits per tone is DSL version
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m Downstream Spectrum Options
= 1. Initially use 750/862/1002 MHz Plants (> 6 Gbps)
m 2. Next up to 1.2 GHz with amp upgrade (> 7Gbps +)
m 3. Long-term to 1.7 GHz with tap upgrade (> 10Gbps +)

Upstream Spectrum Options

m 1. Use the current sub-split 42/65 MHz (> 200 Mbps)
m 2. mid-split 85 MHz (> 400 Mbps)

= 3. high-split 230 MHz (> 1Gbps)

CONFIDENTIAL 3.1 | Bootcamp 13
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Filot subcarriers

‘A l 4 4 /\ 1 Guard subcarriers
- 1 1L | .

m Orthogonal Frequency Division Multiplexing = large collection of very narrow
QAM sub-carriers

m Sub-carriers are grouped into OFDM blocks which are processed by FFT

CONFIDENTIAL 3.1 | Bootcamp 14
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FFT – Fast Fourior Transform
In telecommunications, a pilot signal is a signal, usually a single frequency, transmitted over a communications system for supervisory, control, equalization, continuity, synchronization, or reference purposes.
Guard Subcarrier 802.11a/g assigns the first six subcarriers located at the lower end of the channel to act as guard subcarriers. This is to protect against Inter-channel Interference (ICI) with the adjacent lower channel. Likewise, the last five subcarriers, located at the upper end of the channel are used to guard against ICI with the adjacent upper channel. These subcarriers are inactive or null. 
Another null subcarrier is the DC (Direct Current) subcarrier. In OFDM and OFDMA PHY layers, the DC subcarrier is the subcarrier whose frequency is equal to the RF centre frequency of the transmitting station. It corresponds to frequency zero (Direct Current) if the FFT signal is not modulated. In order to simplify Digital-to-Analogue-and Analogue-to-Digital Converter operations, the DC subcarrier is null.
52 subcarriers
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Mixed modulation on sub carriers
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m OFDM sub-carriers can be
packed tightly without
interfering with each other

—— st Sabcarrer
—— SEcond SubcETTRET
T OO Spbearmer

m OFDM sub-carriers fall off
faster at the band edges

CONFIDENTIAL 3.1 | Bootcamp 16
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m Narrow Sub-carriers means long

symbols
BRI 1 i o -
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frequency time

tap == === === == — === tap
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m Micro-reflections Cm

m Benefits are easy mitigation of b
23dB 1_013 fget {‘_1 dB_Ioss) __r 20dB

m Ingress, Impulse and Burst Noise
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Helps combat micro reflections
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m FEC = Forward Error Correction

m LDPC = Low Density Parity Check
= Invented by Robert Gallager in 1962
m Could not be implemented in HW until recently
= Much more robust than Reed-Solomon

CONFIDENTIAL 3.1 | Bootcamp 18
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This is a popular way of graphically representing an (n, k) LDPC code. The bits of a valid message, when placed on the T's at the top of the graph, satisfy the graphical constraints. Specifically, all lines connecting to a variable node (box with an '=' sign) have the same value, and all values connecting to a factor node (box with a '+' sign) must sum, modulo two, to zero (in other words, they must sum to an even number; or there must be an even number of odd values).
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m L ow Density Parity Check

m Advanced Forward Error Correction technology which provides performance that is close to
channel capacity (Shannon Theoretical Limit).

m Frequency and time interleaving are used to provide robustness against narrowband
interferers and burst events.

m Far superior error correction capabilities.
m Greater spectral efficiency
m Nearly a 2 Bit Gain from Reed Solomon FEC
m Current DOCSIS 3.0 networks that support QAM-256 can support QAM-1024 with DOCSIS 3.1

m Proven and Robust. LDCP is already used in major transmission technologies including
Wireless LAN (802.11n), LTE, DVB-C2, and DVB-S2 (Digital Video Broadcasting — Satellite)
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Downstream Profiles QAM4K Anyone?

m HFC Plant has at least 8 dB variation in
CNR across plant

m Multiple profiles allow operators to leverage
SNR variation to improve system capacity

m Example with 4 profiles

A. Worst (mostly QAM256)

B. Average (mostly QAM1024)
C. Better (mostly QAM2048)
D. Best (mostly QAM4096)
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Bits/Hz

OFDM - More for less

m OFDM/3.1 gives more Bits/Hz at the same CNR
& operating conditions than 3.0

35 dB 41 dB CNR

35%
6.3
10.5
8.5

CONFIDENTIAL

Efficiency gain 3.1 vs. 3.0

Max Bits/Hz on 3.0

Max Bits/Hz on 3.1 w/ QAM 4096

Typical Bits/Hz on 3.1 w/mixed QAM (256~4096)

3.1 | Bootcamp 21
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m PLC: (Physical Link Channel) all necessary information to
decode and use the OFDM Signal — your passport

m NCP: (Next Codeword Pointer) provides the modems with
which Code Words (CW) are present and on each profile which
CW to use

m Profile A: used for Boot Profile - No profile Ano 3.1. All 3.1
modems will use Profile A

m OFDM: Information about the overall OFDM channel Avg
Power, MER, and Noise

NCP m Profiles B, C and D: Provide higher modulations for greater
efficiency N e et
P f.l A Jata Larmers sCdltered FIoL Carriers
rofile ﬁ
OFDM

Frequency

L "Continuous” Filot Carrier-z-—j

CONFIDENTIAL 3.1 | Bootcamp 22
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m OFDM Overall
m Level, MER, ICFR, Echo

m PLC (Physical Link Channel)
= Level, MER, CWE and UCWE

m NCP (Next Codeword Pointer
= Level, MER, CWE, and UCWE

m Profiles A, B,C,D
= MER, CWE, and UCWE

CONFIDENTIAL

Thl:Standard Loc: LE!

OFDM Measurements

Cable Modem Web!/FTP Ping

Setup Ranging Graphs

—
Subcarner Scan

1.00e+00
1.00e+00
0.00e+00
0.00e+00
0.00e+00
Not Locked
Not Locked

0.00e+00
0.00e+00
0.00e+00
0.00e+00
0.00e+00
Not Locked
Not Locked

thernet Tools

07:28:49

(4] Page 1 of 1 O
h J 2016-08-04
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Test 1: PLC (Phy Link Channel)

The Verification Experts

1.00e+00 0.00e+00

m PLC needs to be locked

m U CWE (Uncorrectable CWE): 0
= SNR > 44 dB (QAM16 OFDM)
m Level > 19 dBmV

m C CWE (Correctable CWE): Should be 0 but as long as they are corrected, it is
okay (We currently display 100% corrected) << This is a known issue with the
Broadcom chipset.

CONFIDENTIAL 3.1 | Bootcamp 24



]r—eEX Test 2: NCP (Next Codeword Pointer)

The Verification Experts

1.00e+00 0.00e+00
1.00e+00 0.00e+00

m NCP needs to be locked

120 }vs ale (dB)I

m U CWE (Uncorrectable CWE): 0 w|mm — |msw”‘"“’

m C CWE (Correctable CWE): Should be 0 but as long as they are corrected, it is
okay (We currently display 100% corrected) << This is a known issue with the

Broadcom chipset.



e_EX Test 3: Profile A

The Verification Experts

440 | 100e+00 | 0.00e+00
1.00e+00 | 0.00e+00

0.00e+00 0.00e+00

m Profile A needs to be locked
m U CWE (Uncorrectable CWE): 0

m C CWE (Correctable CWE): Should be 0 but as long as they are corrected, it is
okay

m IMPORTANT: If Profile A has not achieved locked or gets UCWE, modems will
roll back to 3.0 > Look for Profile A performances if modem only locks in DOCSIS
3.0 mode

CONFIDENTIAL 3.1 | Bootcamp 26
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m Desirable Average Level 11.1 dBmV

" Frequency — 759 MHz

m Good MER Average > 44.7 QAM4096 41 dB
m MER Standard Deviation 1.4 dB QAM2048 37 dB
s MER @ 2" Percentile > 40 dB QAM1024 34 dB
= Bandwidth — 96 MHz e 27 dB

QAM16 15 dB

m Active Subcarriers - 1880

CONFIDENTIAL 3.1 | Bootcamp 27
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———
" Profile B, C, D,

_ M7 | 440 | 100e+00 | 0.00e+00
0.00e+00
0.00e+00
0.00e+00
0.00e+00
Not Locked

Mot Locked Mot Locked

=
n..
=
n..
-
n..
-
n..
-
n..
L
o
[
o

m Profile needs to be locked QAMA4096 41 dB
= U CWE (Uncorrectable CWE) and QAM2048 37.dB
CWE (Correctable CWE): varies QAM1024 34 dB

m SNR see table per profile QAM256 27 dB
QAM16 15 dB

CONFIDENTIAL 3.1 | Bootcamp 28
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Connection Summaries

m Lock onto primary Cable Modem | WebIFTP Ping

] Venfy Bonding of SC Setup Ranging Graphs
QAM and OFDM on the :
Forward

m Verify Bonding on the

Return 1.00+00 0.00e+00

1.00e+00 0.00e+00
1.00e+00 0.00e+00
0.00e+00 0.00e+00
0.00e+00 0.00e+00
Not Locked Not Locked

Mot Locked Not Locked ﬁ
ernet Tools
O Page 1 of 1 O e

Thl:Standard_GQ256 [ETHGroundBlock WL Cff h 20160807  08:42:29

m Verify Average Power

=
o,
T
=,
=
I,
e
=,
=
I,
%
L1}
%
n

CONFIDENTIAL 3.1 | Bootcamp 29
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Cable Modem

Setup

Service Level Testing
Balance of Carriers

o

Upstream Carriers
Transmit

US Sort Type

5dBDiv

s Forward Carriers + OFDM B 3B/

i ﬂu_

=10 — M5k

15 | | | | Mok 1dBIDiv

-~ | | | 1]y

1234%67 8% 10M2314%6 g 2E LAY £5€7 33303'52 : 12 3 4567 8 Ref. Up
807.000 MHz| 10.6 dBmV 22500 MHz | 31.0 dBmV

T59 000 MHz

T1 500 MHz

16.5 dBmVY

I"u"l 759.000MHz OFDM PLC Level 15.5 dBmVY SNR 42.0 dB

| Thl:Standard_Q256  Loc: Kl h{ TP oy
m Verify Forward & Transmit Balance

m “Tilt” for DOCSIS Carriers

CONFIDENTIAL

3.1 | Bootcamp

33.0 dBmV Ref. Down

20dB

A 420160304  12:24:50
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Cable Modem Web/FTP

Setup Ranging

Graphs

Ping

Trace Route

Service Level Testing

2

3

4

7

C

|1915.00

|1921.00

[o27.00 |933.00 [939.00

|1945.00

o51.00

I5.361

I5.361

I5.361

I5.361

I5.361

I5.361

I5.361

GIAM256 |QAM256

GIAM256

CIAM256 |QAM256

GlAM256

CIAM256

GlAM256

12.1 12.0

11.7

11.4

116

11.3

11.1

11.1

6.1 45.8

45.3

45.2

45.4

45.2

45.2

45.2

0e+00 |0.0e+00

|0.0e+00

[0.0e+00 |0.0e+00

[0.0e+00

|0.0e+00

|0.0e+00

l

£

<

£

£

l

£

0e+00 [0.0e+00 [0.0e+00 [0.0e+00 [0.0e+00 [0.0e+00 [0.0e+00 [0.0e+00

bbb b b b kL
e

Thl:Standard Loc: [E!Y

m Check bonded SC QAM'’s for any errors and
verify MER is good across all carriers

CONFIDENTIAL
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Off
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h 20160924  08:22:12
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Cable Modem Web/FTP

Setup Ranging

Service Level Testing

lf'-_\
Disconnect

e —
Subcarrier Scan

1.00e+00

0.00e+00

0.00e+00

0.00e+00

9.99e-01

0.00e+00

5.81e01

0.00e+00

1.00e+00

0.00e+00

1.00e+00

0.00e+00

© Page1of1 ©

NIA,

Thl:5tandard-GQ256 TP | S CA-FEED-AMI W R LA O ff

CONFIDENTIAL

3.1 | Bootcamp

NIA,

h J 20161206  09:28:40

m Perform OFDM verification
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Summary
Review the OFDM Basic configuration and measurements

PLC (Physical Link Channel) — Level, Lock & U CWE

440 | 100e+00 | 0.00e+00

NCP (Next Codeword Pointer) — Lock, U CWE

440 | 100e+00 | 0.00e+00

1.00e+00 0.00e+00

Profile A — Lock, U CWE

440 | 1.00e+00 | 0.00e+00
1.00e+00 | 0.00e+00

0.00e+00 0.00e+00
0.00e+00 0.00e+00

0.00e+00 0.00e+00

CONFIDENTIAL 3.1 | Bootcamp 33



CELEBRATING 10 YEARS

OFDM Measurements

The Verification Experts A | G OOd

Summary

Review the OFDM Basic configuration and measurements

OFDM overall parameters
Average 6MHz Power Level

Average MER
MER Standard Deviation
MER 2 Percentile

Setup

CONFIDENTIAL 3.1 | Bootcamp 34



Trouble?

What Happens If
your 3.1 service IS
not performing?



3 s OFDM Sub-carrier Scan
Y VeEX MER Scan

Cable Modem Weh/FTP i " Disconnect

: ©

Setup ; IP

S——
OFDM D etail

e

Subcarrier MER Zoom

OFDM MER Scan

—
Subcarnier Scan

OF DM Power Scan

OF DH MER Scan

OFDHK Noise Floor

_ — [2016-06-28 04:02:49

Thl:d6_Tech_7_11_16 Loc:GroundBlock 20160712  07:25:29

See where MER may be low and move on to noise/ingress

CONFIDENTIAL



; I,— OFDM Sub-carrier Scan
VeEX OFDM 6 MHz Power

—
OFDM D etail
Cable Modem WebIiFTP Ping

....................................................

Setup Ranging Graphs

—
OFDM Detail

MHETH A T T e T e e e e T b e e P P —

—
_l:IFI:IH Power Scan.

OF DK MER Scan

OF DH Power Scan -
: OFDH Noise Floor

OFDM & MHz Power Lewvel

OF DH HER Scan

OFDK Noise Floor

2016-07-12  07:25:29

Thl:46_Tech_7_11_16 Lec:GroundBlock TP Off 20160712  07:25:29

Verify Power Level on subcarriers in 6MHz increments

CONFIDENTIAL 37
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-lf— OFDM Sub-carrier Scan
) eEX OFDM Noise Floor

©) @ ®

‘ Cable Modem WebliFTP Ping Trace Route YolP

Setup Ranging Graphs e
—
OFDM Detail

Cable Modem WeblFTP Trace Route

Ranging Graphs —
OFDM D etail

QOF DM Mosie Floor Zoom —_— OF DM Power Scan

OF DM HER Scan

0FDH Hoise Floor

AT
OF DH Power Scan

OF DM Mosie Floor Scan —

OF DM MER Scan |

20160712  07:25:29

—
OFDH Moise Floor
———

Thl:46_Tech_7_11_16 Loc:GroundBlock ; 20160712  07:25:29

CONFIDENTIAL Noise may be present driving down MER/Modulation
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__ IP Functions
!! 'eeEX PING

Cable Modem Web/FTP Trace Route

Setup Result

PING: In Progress...

Ethernet Tools
Thl:Standard_G1256 (E IR GroundBlock W LN 1T h J 2016-06-20  15:00:46

m PING for connectivity/Latency to CMTS, Internal IP or Public IP

CONFIDENTIAL 3.1 | Bootcamp 39
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IP Functions
., 'eeEX VeTEST

©) ® ®

Cable Modem Web/FTP Trace Route VolP

Setup

Cablevision | Cablevision-1G | speedgauge.optonline.net | 167.206.8.122

30086 ms

pass  foooms | I
Download Upload “ Update List '
—

Ethernet Tools

Thl:LI-WEST i TP-DROP-CER”™ W UL O ff h 420161012 16:02:39

= Throughput testing on RF
m On or Off Net

CONFIDENTIAL 3.1 | Bootcamp
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"¢ IP Functions
[ eEx VeTEST

Cu P1Link Down -- 10.0.0.140
> Home->F{Cu P1)
Setup Status Trace Route

Web/FTP ARPWiz TCP

,-_\
Disconnect
Setup Result
—
Start

’__\
Update List

Download
990.886 Mbps 8982.221 Mbps
990.726 Mbps |9?9.345 Mhbps
948.969 Mbps |933.323 Mhbps
948.524 Mbps 935.575 Mbps

2016-01-22  08:31:58

= Throughput testing both on Ethernet Port
m On or Off Net

CONFIDENTIAL 3.1 | Bootcamp 41
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VeEX Using Spectrum to find Noise under

The Verification Experts O F D M

>HomeliSpectrum Analysis

Noise Detected @ NCP

RN arker Could cause modems to switch to 3.0
HEEEERNNE.
iy %
[ Y R

| L. E

T T R
-
o [T o [ B v (R |

Thl:OFDM Only Loc:GrouhdBlock 20160330

ersistence

OFDM 96 MHz
Running clean

o IR o (TR e v v R

Thl:OFDM Only Loc:GroundBlock 20160330 08:35:15
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